In this paper, we present sharp bounds for the two Neuman means S HA and S CA derived from the Schwab-Borchardt mean in terms of convex combinations of either the weighted arithmetic and geometric means or the weighted arithmetic and quadratic means, and the mean generated either by the geometric or by the quadratic mean. MSC: 26E60
Introduction
Recently, the Schwab-Borchardt mean and its special cases have been the subject of intensive research. Neuman and Sándor [, ] proved that the inequalities
hold for all a, b >  with a = b. In [], the author proved that the double inequalities the greatest values β  , β  , β  such that the double inequalities
Very recently, the bivariate means S AH , S HA , S CA and S AC derived from the SchwabBorchardt mean have been defined by Neuman [, ] as follows:
We call the means S AH , S HA , S CA and S AC given in (.) the Neuman means. Moreover, 
where p, q, r and s are defined implicitly as
In [], Neuman proved that the inequalities
It follows from (.) and (.) together with (.) that
Then it is not difficult to verify that f (x) and g(y) are continuous and strictly increasing on [, /] and [/, ], respectively. Note that
Motivated by (.)-(.), in the article we present the best possible parameters
Our main results are the following Theorems .-.. All numerical computations are carried out using Mathematica software.
Theorem . The double inequality
holds for all a, b >  with a = b if and only if α  ≤ / and β  ≥ /π . 
Theorem . The two-sided inequality
α  A(a, b) + ( -α  )Q(a, b) < S CA (a, b) < β  A(a, b) + ( -β  )Q(a, b) holds true for all a, b >  with a = b if and only if α  ≥ / and β  ≤ [ √  log( + √ ) - √ ]/[( √  -) log( + √ )] = . . . . . Theorem . Let α  , β  ∈ [, /], then the double inequality G α  a + ( -α  )b, α  b + ( -α  )a < S HA (a, b) < G β  a + ( -β  )b, β  b + ( -β  )≤ / - √ / = . . . . and β  ≥ / - √ π  -/(π) = . . . . . Theorem . Let α  , β  ∈ [/, ], then the two-sided inequality Q α  a + ( -α  )b, α  b + ( -α  )a < S CA (a, b) < Q β  a + ( -β  )b, β  b + ( -β  )
Two lemmas
In order to prove our main results, we need two lemmas, which we present in this section.
Then the following statements are true:
Therefore, part () follows easily from (.). For part (), if p = /π , then simple computations lead to
It follows from (.) and (.) together with (.) that f (x) is strictly increasing on (, ). Therefore, part () follows from (.) and (.) together with the monotonicity of f (x).
For 
Proof For parts () and (), if
Therefore, parts () and () follow from (.). 
From (.), (.) and (.) we clearly see that g(x) is strictly increasing on (, ). Therefore, part () follows from (.) and (.) together with the monotonicity of g(x).

For part (), if
for x ∈ (, ). Therefore, part () follows from (.) and (.) together with (.).
Proofs of Theorems 1.1-1.4
Proof of Theorem . Without loss of generality, we assume that a > b.
where
and
where f (x) is defined as in Lemma .. http://www.journalofinequalitiesandapplications.com/content/2014/1/175
We divide the proof into two cases. Case : p = /. Then from Lemma .() and (.) we clearly see that F(x) is strictly decreasing on (, ). Therefore,
for all a, b >  with a = b follows from (.) and (.) together with the monotonicity of F(x). Case : p = /π . Then from (.), (.) and Lemma .() we know that
and there exists λ  ∈ (, ) such that F(x) is strictly decreasing on (, λ  ] and strictly increasing on [λ  , ). Therefore,
for all a, b >  with a = b follows from (.) and (.) together with (.) and the piecewise monotonicity of F(x). Note that
Therefore, Theorem . follows from (.) and (.) together with the following statements.
• If α > /, then equations (.) and (.) imply that there exists small enough
then equations (.) and (.) imply that there exists large enough
Proof of Theorem . Without loss of generality, we assume that a > b.
where f (x) is defined as in Lemma .. We divide the proof into two cases. 
for all a, b >  with a = b follows easily from (.) and (.) together with (.) and the piecewise monotonicity of G(x). Case : p = /. Then Lemma .() and (.) lead to the conclusion that G(x) is strictly increasing on (, √ ). Therefore,
for all a, b >  with a = b follows from (.) and (.) together with the monotonicity of G(x). Note that
Therefore, Theorem . follows from (.) and (.)-(.). http://www.journalofinequalitiesandapplications.com/content/2014/1/175
Proof of Theorem . Without loss of generality, we assume that a > b.
where g(x) is defined as in Lemma ..
We divide the proof into four cases. Case : p = / -√ /. Then Lemma .() and (.) together with (.) lead to the conclusion that H(x) is strictly increasing on (, ). Therefore, 
Equations (.) and (.) imply that there exists small enough δ  >  such that 
